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ABSTRACT
Many dairy cattle worldwide are housed in tiestalls, 
meaning that they are tethered by the neck to indi-
vidual stalls. On some farms, tied cattle are permit-
ted seasonal access to pasture, but otherwise their 
movements are restricted compared with cows housed 
in freestall barns or other loose housing systems. The 
aim of this systematic review is to summarize the sci-
entific literature pertaining the welfare of tied dairy 
cattle through comparison with less-restrictive housing 
systems. Articles identified by PubMed and Web of Sci-
ence underwent a 5-phase screening process, resulting 
in the inclusion of 102 papers. These papers addressed 
measures of welfare related to affective state, natural 
behavior, and health (with the lattermost category sub-
divided into hoof and leg disorders, lameness, mastitis, 
transition disease, and other diseases or conditions). 
Health was the most researched topic (discussed in 86% 
of articles); only 19% and 14% of studies addressed 
natural behavior and affective state, respectively. Our 
review highlights different health benefits for tethered 
and loose cattle. For example, tied cattle experience 
reduced prevalence of white line disease and digital der-
matitis, whereas loose cattle experience fewer leg lesions 
and injuries. The prevalence of mastitis, transition dis-
eases, and other conditions did not differ consistently 
across housing types. We found that the expression of 
certain natural behaviors, particularly those associated 
with lying down (e.g., time spent kneeling, unfulfilled 
intentions to lie down), were impaired in tiestalls. Ar-
ticles addressing affective state found benefits to loose 
housing, but these studies focused almost exclusively on 
(1) physiological measurements and (2) cow comfort, a 
concept that lacks a consistent operational definition 
across studies. We call for future research into the af-
fective state of tied cattle that extends beyond these 
explorations and employs more sophisticated method-
ologies.
Key words: confinement housing, animal well-being, 
biological functioning
INTRODUCTION
Tiestall housing, in which dairy cattle are tethered to 
individual stalls, remains prevalent in many parts of the 
world. In North America, 74% of Canadian dairy farms 
and 39% of US dairy farms use tiestall facilities as their 
primary housing type (USDA, 2016; CDIC, 2019), and 
the popularity of this housing system is echoed in other 
regions in the northern hemisphere such as Austria 
(82%) and Switzerland (40%) (Directorate-General for 
Health and Food Safety, 2017; Swiss Federal Statistical 
Office 2016, as cited by Bernhard et al., 2020). Exer-
cise is sometimes permitted for tethered dairy cattle, 
although the percentage of tiestall farms allowing exer-
cise varies widely by country. For example, 73% of ties-
tall farms in the United States offer pasture access for 
at least part of the year (USDA, 2016); whereas, this 
value appears to be closer to 30% in Canada (15 –50% 
depending upon region; Denis-Robichaud et al., 2016).
Confinement housing for other farmed species has 
sparked controversy among the public, as evidenced 
by widespread legislative response to gestation crates 
and battery cages (von Keyserlingk and Hötzel, 2015). 
This strong opposition is likely driven by the visible 
restriction to even the rudimentary freedoms outlined 
in the Brambell (1965) report (e.g., ability to turn 
around). Robbins et al. (2019) report that the public 
are mostly unaware of the existence of tiestalls (54% of 
those initially surveyed), which may explain why this 
housing type has received less attention than restrictive 
housing systems for other farmed species. Despite the 
relative lack of awareness, globally the use of tiestalls 
continues to decline (Barkema et al., 2015), with some 
countries such as Sweden prohibiting the construction 
of new tiestall facilities (Simensen et al., 2010; Lund-
mark Hedman et al., 2018) and others (Denmark and 
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Norway) imposing an outright ban on tethering. The 
ban in Denmark will be enforced in 2027 (Miljø- og 
Fødevareministeriet, 2017); until that time, cows 
housed in tiestalls must have summer pasture access for 
a minimum of 150 d. In Norway, the ban will come into 
force in 2034 (Landbruks- og matdepartementet, 2004), 
with increased grazing time (a minimum of 16 wk in 
summer) required for farms continuing use tethering 
past 2024.
Scientific opinion on the welfare of tied dairy cattle 
varies, ranging from staunch opposition (e.g., “tie-stall 
housing can endanger the welfare of animals, and it is 
hoped that this farming system will be abandoned in 
the future”; Tarantola et al., 2016, p. 103) to general 
approval (e.g., “[a] well-designed tie-stall may be able 
to limit the physical and behavioural problems linked 
to an animal’s lack of freedom”; Corazzin et al., 2010, 
p. 310). These differences may be attributed to varying 
welfare definition and disparate weightings of welfare 
components (Fraser et al., 1997). Thus, we conducted a 
systematic review of the available scientific evidence to 
evaluate the welfare of tethered cattle (in comparison 
with less-restrictive housing types) using the 3-sphere 
conception of welfare that considers basic health and 
biological functioning, natural behavior, and affective 
state (Fraser et al., 1997).
MATERIALS AND METHODS
Summary of Inclusion and Exclusion Criteria
Inclusion and exclusion criteria for the systematic 
review were determined a priori. Articles were con-
sidered eligible if they were peer-reviewed, reported 
original data, and if a full text in English was available. 
Further, articles were only included if they provided 
a direct comparison between dairy cattle housed in 
tiestall or stanchion barns and less-restrictive housing 
types (including freestall, pasture, yard, bedded pack, 
or tiestall systems with at least partial access to one 
of these other systems). Studies in which dairy cattle 
were transferred to, or from, tiestalls to less-restrictive 
housing were also considered.
To meet inclusion criteria, studies must have provid-
ed at least 1 inferential, statistical comparison between 
welfare-related measures. These measures were cat-
egorized according to the definition of animal welfare 
provided by Fraser et al. (1997). That is, articles were 
considered welfare related if they empirically addressed 
one or more of the following topics: basic health and bi-
ological functioning (e.g., mastitis or lameness), natural 
behavior [the animal-based component of Fraser et al.’s 
(1997) “natural living,” e.g., lying down or ruminating], 
or affective state (e.g., fearful or frustrated). Studies 
were included in multiple sections if they addressed 
more than one type of measure.
Studies addressing herd-level measurements were 
only included if they discussed individual animal 
welfare implications. For example, studies addressing 
bulk-tank SCC or SCS were only included if they made 
a direct link between these measures and mastitis or 
IMI. Studies reporting on claw conformation (i.e., traits 
relating to the anatomical structure of the hoof) were 
only considered if the relationship to lameness was 
discussed. Similarly, articles addressing physiological 
parameters such as cortisol were only included if the 
authors provided a conclusion or hypothesis regarding 
the animals’ affective state. Finally, we did not include 
studies that exclusively addressed resource-based wel-
fare measures, or studies in which resource-based and 
animal-based measures were presented collectively and 
could not be disentangled. No restrictions were placed 
upon publication year, sample size, or methodology. A 
quality assessment of the included studies is presented in 
the Supplemental Files (10.6084/m9.figshare.14769567; 
Beaver et al., 2021).
Search Strategy
Systematic searches were conducted in Web of Sci-
ence (WoS) and PubMed. The following terms were 
used to search the WoS Core Collection, with an aster-
isk denoting wildcard truncations and quotation marks 
representing exact phrases: dairy AND (cow* or cattle) 
AND (tiestall* OR “tie-stall*” OR “tie stall*” OR 
stanchion*) AND (freestall* OR “free-stall*” OR “free 
stall*” OR cubicle OR pasture OR pack OR outdoor 
OR drylot OR “dry lot”).
Searches in PubMed were slightly modified to ac-
count for medical subject heading terms: dairy AND 
cow AND (tiestall OR tie-stall OR “tie stall” OR “tie 
stalls” OR stanchion) AND (freestall OR free-stall OR 
“free stall” OR “free stalls” OR cubicle OR pasture OR 
pack OR outdoor OR drylot OR “dry lot” OR “dry 
lots”). Final searches were conducted on June 1, 2020 
(PubMed) and June 2, 2020 (WoS).
Selection Process
Articles were selected for final inclusion using a 
5-phase screening process:
• Phase 1: Duplicates across PubMed and WoS 
were excluded, and a list of unique articles was 
compiled.
• Phase 2: Articles written in languages other than 
English, review articles, and conference abstracts 
were excluded. The titles of all articles were 
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evaluated, and articles were filtered for relevance. 
Papers addressing species other than adult dairy 
cattle were also removed at this stage.
• Phase 3: Abstracts of the remaining articles were 
read to assess whether or not a direct comparison 
was made between tiestalls or stanchions and a 
less-restrictive housing type. Only articles meet-
ing this criterion were retained.
• Phase 4: Full texts were read in detail, and further 
articles were excluded based upon whether the 
comparison between tiestalls or stanchions and 
other housing types actually addressed a welfare 
measure. Any full texts that were not available 
online or within The University of British Colum-
bia’s library system were requested by means of 
interlibrary loan or by contacting the authors via 
ResearchGate.
• Phase 5: The reference lists of the remaining pa-
pers were mined to identify additional papers. To 
facilitate this process, we searched for titles that 
contained the words: “tiestall” (or other spelling 
variants such as “tie-stall”), “tether” (or other 
spelling variants such as “tethered”), or “stan-
chion.” We also searched for the key words “hous-
ing,” “risk,” or “management” to identify relevant 
cross-sectional studies. Once potential articles 
were identified, they were evaluated beginning at 
phase 3.
The articles retained after phase 5 were included in 
the systematic review, in multiple sections if eligible. 
A bias assessment of the systematic review proto-
col is provided in Supplemental File S1 (10.6084/
m9.figshare.14769567; Beaver et al., 2021).
Data Extraction
For each article, where applicable, we recorded 
authorship, publication year, country of study, num-
ber of herds, number of cattle, tiestall (or stanchion) 
dimensions, dimensions of other housing, the welfare 
sphere addressed (i.e., basic health and biological func-
tioning, natural behavior, or affective state), outcome 
measure(s), the authors’ conclusion, and the direction 
of the conclusion (with “+” indicating a positive welfare 
effect in tie stalls, “−“ indicating a negative effect, and 
“=” indicating no difference at the P < 0.05 threshold). 
Following data extraction by the study authors, the 
data were also extracted by an additional researcher 
to improve validity. Any discrepancies in the extracted 
data were reviewed among authors. Discrepancies most 
commonly arose in regard to sample sizes, due to sub-
ject attrition or change in sample sizes across years; 
clarifying footnotes have been added to relevant tables.
RESULTS
Full results from the selection process are detailed in 
Supplemental Figure S1 (10.6084/m9.figshare.14769567; 
Beaver et al., 2021). In summary, the initial searches 
yielded 264 unique articles, 62 of which met our inclu-
sion criteria. An additional 40 were added from refer-
ence lists, resulting in a final list of 102 articles. The 
research predominantly described results relevant to 
basic health and biological functioning, with 88 of the 
102 total studies (86%) addressing this welfare sphere 
(Figure 1). Nineteen studies (19%) addressed results 
relevant to the natural behavior welfare sphere, and 9 of 
these (47%) also addressed basic health and biological 
functioning. Finally, 14 studies (14%) described results 
relevant to the affective state welfare sphere, with 7 of 
these (50%) also addressing other welfare spheres. Of 
the 88 articles addressing basic health and biological 
functioning, 41 (40%) referenced “welfare,” despite the 
vast majority considering health or production exclu-
sively (Figure 1).
Of the 102 total articles, publication years ranged 
from 1981 to 2020 (median of 2006), with the amount 
of research increasing across the decades (Supplemen-
tal Figure S2; 10.6084/m9.figshare.14769567; Beaver et 
al., 2021). The number of herds included in each study 
ranged from 1 to 2,728, and the number of cows from 7 
to 132,721. The majority of studies were conducted in 
Scandinavia (n = 36; 22 in Sweden, 5 in Norway, 7 in 
Denmark, and 2 in Finland) and North America (n = 
31; 20 in Canada and 11 in the United States). Other 
countries represented were Italy (n = 8), Switzerland 
(n = 7), France (n = 3), Austria and Germany (n = 
2), Estonia (n = 2), Romania (n = 2), Japan (n = 1), 
Ireland (n = 1), Poland (n = 1), Serbia (n = 1), Turkey 
(n = 1), and Tanzania (n = 1), in addition to 5 studies 
that did not specify a country (Supplemental Figure 
S3; 10.6084/m9.figshare.14769567; Beaver et al., 2021).
Basic Health and Biological Functioning
Foot and Leg Disorders. Studies addressing the 
effect of tiestalls on foot and leg disorders are shown 
in Table 1. Of the 23 studies included in this section, 8 
compared tiestall to freestall or other loose housing, 9 
compared tiestalls with different levels of outdoor ac-
cess, and 5 addressed both of these aspects. One study 
investigated the move from tiestall to freestall or loose 
housing. A variety of foot and leg disorders were ad-
dressed, including noninfectious foot lesions (such as 
sole ulcers and white line disease), infectious foot le-
sions [such as digital dermatitis (DD) and heel-horn 
erosion], leg lesions (such as knee and hock lesions), and 
foot and leg conformation traits. Many articles spanned 
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multiple categories, with the majority of studies inves-
tigating both infectious and noninfectious lesions.
Offering outdoor access to tied cattle (pasture or 
paddock) was associated with reduced prevalence of 
knee and hock lesions (Gustafson, 1993; Popescu et 
al., 2013), reduced odds of carpal ulceration and tarsal 
swelling (Bernhard et al., 2020) and improved claw con-
formation traits (Loberg et al., 2004; Corazzin et al., 
2009, 2010). The associations between outdoor access 
and infectious and noninfectious lesions were some-
times neutral (e.g., Cramer et al., 2009 for sole ulcer 
and heel-horn erosion; Loberg et al., 2004 for white 
line fissures), but sometimes indicated reduced lesion 
prevalence when outdoor access was withheld (e.g., 
Cramer et al., 2009 for DD and white line separations; 
Gustafson, 1993 for sole ulcers; Bielfeldt et al., 2005 for 
interdigital disorders).
Cattle housed in tiestalls compared with loose hous-
ing had a higher prevalence of knee and hock lesions 
(Krohn and Munksgaard 1993; Regula et al., 2004; 
Mattiello et al., 2009) but appeared to fare better in 
terms of some types of infectious and noninfectious foot 
lesions, most notably DD (Bergsten and Herlin, 1996; 
Sogstad et al., 2005; Cramer et al., 2008) and white 
line disease (Sogstad et al., 2005; Cramer et al., 2008; 
Solano et al., 2016). For several other hoof lesions there 
was either no evidence of difference (e.g., sole ulcers: 
Alban, 1995; Bergsten and Herlin, 1996; Vaarst et al., 
1998; Sogstad et al., 2005; and Solano et al., 2016) or 
mixed evidence (e.g., heel-horn erosion: Bergsten and 
Herlin, 1996; Bielfeldt et al. 2005; Sogstad et al., 2005; 
Cramer et al., 2008).
Lameness. Studies addressing the effect of tiestall 
housing on lameness are shown in Table 2. Of the 15 
studies included in this section, 7 compared tiestall to 
freestall or other forms of loose housing, 3 compared 
tiestalls with different levels of outdoor access, and 3 
addressed both of these aspects. Two studies evaluated 
lameness in cattle as they moved housing types. The 
most common scoring systems used to assess lameness 
were that of Sprecher et al. (1997; used in 5 studies), 
the Welfare Quality Assessment (WQA) Protocol for 
cattle (Welfare Quality, 2009; 4 studies), and Manson 
and Leaver (1988; 3 studies).
The effect of outdoor access on locomotion score was 
favorable, with all relevant studies reporting improved 
or unchanged locomotion scores (Regula et al., 2004; 
Bielfeldt et al., 2005; Mattiello et al., 2005; Mattiello et 
al., 2009; Corazzin et al., 2010; Popescu et al., 2013). 
The comparison between freestall and tiestall housing 
was less clear: 2 studies found improved locomotion 
scores in freestalls compared with tiestalls (Kara et 
al., 2011; Ostojić-Andrić et al., 2011), 3 found neutral 
effects (Wells et al., 1993; Olechnowicz et al., 2010; 
Popescu et al., 2014), and 2 found positive effects of 
tiestall housing (Cook, 2003 and Sogstad et al., 2005). 
After a move from tiestalls to freestalls, Tarantola et al. 
(2016) found no change in lameness. Enriquez-Hidalgo 
et al. (2018) tracked locomotion scores as cattle tran-
sitioned from pasture, to tiestalls, and back, and noted 
that scores worsened after confinement.
Udder Health. Studies addressing the effect of ti-
estall housing on udder health are shown in Table 3. 
The 34 studies addressed topics such as mastitis, clini-
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Figure 1. Panel A shows the 3 spheres of welfare as defined by Fraser et al. (1997). Panel B shows the 3 spheres of welfare but rescaled 
according to their representation in the literature on tiestalls versus less-restrictive housing types. Figure modified from Beaver et al. (2019), 
with permission.
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cal mastitis (CM), SCC, SCS, IMI, and teat injuries. 
Twenty of these studies reported differences in cattle 
housed in tiestalls versus freestalls or loose housing, 4 
studies evaluated the effect of outdoor access for tied 
cattle, and 5 studies addressed both aspects. Five ad-
ditional studies evaluated the effects of moving cattle 
between systems.
In the studies reporting specific bacterial causes of 
IMI and mastitis, higher prevalence of Streptococcus 
species (Bartlett et al., 1992; Ferguson et al., 2007; 
Olde Riekerink et al., 2008) and both aureus and non-
aureus Staphylococcus species (Whist et al., 2006; Olde 
Riekerink et al., 2008; Ericsson Unnerstad et al., 2009; 
Condas et al., 2017; Taponen et al., 2017) were identi-
fied in tiestalls compared with less-restrictive housing 
types. Conversely, Escherichia coli (Whist et al., 2006; 
Ericsson Unnerstad et al., 2009; Taponen et al., 2017) 
was more common in loose housing.
Despite differences in prevalence caused by different 
bacteria, several studies found that the overall preva-
lence of IMI and rate of CM did not differ between 
housing types (Kalmus et al., 2006; Whist et al., 2006; 
Ferguson et al., 2007; Kivaria et al., 2007; Simensen 
et al., 2010; Ostojić-Andrić et al., 2011; Levison et al., 
2016; Condas et al., 2017). In contrast, some articles 
identified differences in mastitis prevalence and SCS 
or SCC; 3 studies identified reduced risk in tiestalls 
(compared with freestalls: Bielfeldt et al., 2004 and 
Ericsson Unnerstad et al., 2009; compared with straw 
yards: Barnouin et al., 2005) and 6 others identified 
increased risk in tiestalls (Bakken, 1981; Valde et al., 
1997; Olde Riekerink et al., 2008; Sabbioni et al., 2012; 
Popescu et al., 2014).
The effect of outdoor access was largely positive for 
tied cattle, with reductions in mastitis (Popescu et al., 
2013), SCC in the first month after calving (Gustafson, 
1993), and teat injuries (Bendixen et al., 1998a; Krohn 
and Munksgaard, 1993; Regula et al., 2004). Several 
studies, however, reported mixed results (Bendixen et 
al., 1998b; Bendixen et al., 1986). The effects of hous-
ing change on SCC, mastitis rates, and teat injuries 
were also mixed (Varner et al., 1983; Hultgren, 2002; 
Bielfeldt et al., 2004; Hovinen et al., 2009; Nyman et 
al., 2009).
Transition Diseases. The 10 studies reporting the 
effect of tiestall housing on transition disease are shown 
in Table 4. Conditions studied were ketosis, dystocia, 
abomasal displacements, and metritis. Vulvar discharge 
was also included in this section due to its association 
with metritis. Four studies compared tiestall to loose 
housing, 5 compared tiestall with different levels of 
outdoor access, and 1 addressed both of these aspects. 
Less-restrictive housing and outdoor access had mostly 
positive or neutral effects on disease rates, prevalence, 
and treatments; however, 3 studies found some mixed-
positive effect of tethering (Bendixen et al., 1986; 
Corazzin et al., 2010; Ostojić-Andrić et al., 2011).
Other Diseases and Conditions. Studies address-
ing the effect of tiestall housing on other diseases and 
conditions (excluding transition diseases, lameness, 
hoof lesions, and udder health conditions) are shown 
in Table 5. Of the 23 studies included in this section, 
16 compared tiestalls with freestalls or loose housing, 4 
investigated the effects of outdoor access for tied cattle, 
and 3 addressed both aspects. One additional study 
evaluated the move from tiestall to loose housing. The 
most commonly assessed outcomes were mortality and 
culling risk (n = 8), respiratory disorders (including 
coughs, nasal discharge; n = 5), Johne’s disease (n = 
4), and diarrhea and enteric health (n = 4). Winter 
dysentery, Giardia, cattle lice, injuries, integument al-
terations, bloat, and veterinary treatments were also 
addressed.
Outdoor access was associated with lower mortality 
for tied cattle (Dechow et al., 2011; Popescu et al., 
2013), decreased prevalence of injuries (Corazzin et 
al., 2010), and fewer treatments for bloat (Gustafson, 
1993). There was no effect of outdoor access on the 
prevalence of respiratory disorders (Popescu et al., 
2013), or ocular/nasal discharge (Corazzin et al., 2009), 
although the proportion of cows with a cough decreased 
during grazing (Corazzin et al., 2010).
Effects of housing type were mixed or neutral in 
reference to mortality (Alvåsen et al., 2012; Popescu 
et al., 2014; Reimus et al., 2020), diarrhea (Mattiello 
et al. 2009; Ostojić-Andrić et al. 2011; Popescu et al. 
2014), and respiratory disorders (Mattiello et al., 2009; 
Ostojić-Andrić et al., 2011; Popescu et al., 2014). 
One of 4 studies addressing Johne’s disease found a 
beneficial effect of tiestall housing on environmental 
prevalence of Mycobacterium avium ssp. paratubercu-
losis (Corbett et al., 2018a). Conversely, tiestalls and 
stanchions were associated with increased odds of joint 
injuries (Busato et al., 2000), cattle lice (Geden et al., 
1990), and higher risk of winter dysentery outbreaks 
(Smith et al.,1998). The effects of housing on Giardia 
prevalence was mainly neutral, although Wade et al. 
(2000) found higher infection risk for lactating cows in 
tiestalls compared with loose housing.
Fertility and Reproductive Performance. 
As fertility is an indirect welfare metric, the results 
are provided in Supplemental Table S1 (10.6084/
m9.figshare.14769567; Beaver et al., 2021). Eleven stud-
ies were included in this section. Ten of these reported 
that reproduction parameters were more favorable, or 
at least equivalent, in less-restrictive housing systems 
compared with tiestalls. The evaluated parameters in-
cluded, among others, pregnancy risk, pregnancy rate, 
Beaver et al.: INVITED REVIEW: DAIRY CATTLE WELFARE IN TIESTALLS
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fertility indices, calving-to-conception intervals, inci-
dence of anestrus, prevalence of anovulation, incidence 
of cystic ovaries, and general reproductive performance. 
The exception (Hackett et al., 1984), reported increased 
days to first estrus and days to first service in freestall 
versus tiestall housing.
Milk Yield. As milk production is an indirect wel-
fare metric, the results are provided in Supplemental 
Table S2 (10.6084/m9.figshare.14769567; Beaver et al., 
2021). Fifteen studies were included in this section. 
Moving cattle from tiestalls to freestalls or other types 
of loose housing typically resulted in decreased milk 
production, although production recovered or exceeded 
the tiestall baseline in timespans ranging from 1 d to 1 
yr after the move. Variable results for milk yield were 
found in studies comparing tiestalls to loose housing.
Natural Behavior
Studies evaluating the effect of tiestall housing on the 
behavior of dairy cattle (n = 19) are shown in Table 6. 
Eight of these studies compared tiestall to freestall or 
loose housing, 5 compared tiestall with different levels 
of outdoor access, and 5 addressed both of these as-
pects. One study evaluated the effect of moving cows 
from pasture to tiestalls and back.
Lying behavior was most frequently reported in stud-
ies comparing tiestalls to loose housing. All included 
studies found at least some negative effects of tiestalls 
on lying patterns, including increased time standing idle 
and longer standing bouts (Haley et al., 2000), greater 
frequency of lying interruptions (Jensen, 1999), reduced 
synchronization of lying behavior (Krohn et al., 1992), 
more interruptions of the lying down movement (Krohn 
and Munksgaard, 1993), abnormal lying patterns (She-
pley et al., 2019) more collisions lying down (Plesch et 
al., 2010; Popescu et al., 2014; Shepley et al., 2019), 
and a greater percentage of cows lying at least partially 
outside the lying area (Mattiello et al., 2009; Plesch 
et al., 2010; Ostojić-Andrić et al., 2011). In one study, 
however, (Müller et al., 1989), the reported benefits of 
loose housing could not be differentiated from the pres-
ence or absence of bedding. Housing cattle in tiestalls 
also had negative effects on other behavior patterns, in-
cluding increases in the frequency of licking the ground 
or equipment, self grooming, bar biting, and leaning 
against equipment (Krohn, 1994; although these differ-
ences were not always tested statistically). Two studies 
also investigated feeding behavior (Colenbrander et al., 
1991; Haley et al., 2000;), but the results were neutral. 
Only one study (Popescu et al., 2014) found behavioral 
benefits in tiestalls, in the form of reduced agonistic 
interactions.
The studies evaluating the effect of outdoor access 
for tied cattle reported mixed results for lying behavior 
(Krohn and Munksgaard, 1993; Gustafson and Lund-
Magnussen, 1995; Loberg et al., 2004; Corazzin et al., 
2009, 2010), and the results for agonistic and social 
interactions were similarly mixed (Loberg et al., 2004; 
Popescu et al., 2013). There was a reduction in stereo-
typies and other abnormal behaviors when cattle were 
permitted regular outdoor access, including a reduction 
in self grooming (Loberg et al., 2004), tongue playing 
(Corazzin et al., 2010), rubbing against equipment, and 
bar biting (Krohn, 1994). Cattle in tiestalls without 
daily exercise opportunities also spent more time lick-
ing and sniffing the ground or other objects (Krohn, 
1994; Loberg et al., 2004) and less time ruminating 
(Loberg et al., 2004). When released, tied cattle with-
out regular outdoor access spent more time engaged in 
play behavior and trotting (Loberg et al., 2004), which 
was judged to be compensatory.
Affective State
Few studies attempted to evaluate affective state 
as an outcome measure; those that did (n = 14) are 
included in Table 7. Several of the affective states ad-
dressed were derived from the WQA protocol including 
“absence of prolonged hunger” (evaluated by means of 
BCS; Ostojić-Andrić et al., 2011; Popescu et al., 2013, 
2014), and good “human–animal relationship” (evalu-
ated via avoidance distance; Mattiello et al., 2009; 
Popescu et al., 2013, 2014). The theme of “comfort” 
[expressed as “cow comfort” (Haley et al., 2000), “com-
fort situation” (Tarantola et al., 2016), and “comfort 
around resting” (Plesch et al., 2010; Ostojić-Andrić et 
al., 2011; Popescu et al., 2013, 2014)] was addressed in 
6 of the 14 studies. Stress, as measured by physiological 
parameters such as cortisol, was addressed in 7 studies 
(Varner et al., 1983; Redbo, 1992, 1993; Higashiyama 
et al., 2007; Veissier et al. 2008; Tarantola et al., 2016; 
Peric et al., 2017).
When cattle were loose housed, or when tied cattle 
were let outdoors, affective state was generally im-
proved. Specifically, studies reported reduced levels 
of comfort (Haley et al., 2000; Plesch et al., 2010; 
Ostojić-Andrić et al., 2011; Popescu et al., 2013, 2014), 
increased physiological stress measures (Redbo, 1992, 
1993; Higashiyama et al., 2007; Tarantola et al., 2016), 
and a more negative emotional state (Popescu et al., 
2013, 2014) for cows kept in tiestalls. However, 3 stud-
ies reported positive aspects of tiestalls: Popescu et 
al. (2014) and Mattiello et al. (2009) reported lower 
avoidance distances in tied cattle (indicative of a good 
“human–animal relationship”), and Ostojić-Andrić et 
Beaver et al.: INVITED REVIEW: DAIRY CATTLE WELFARE IN TIESTALLS
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al. (2011) observed a lower percentage of very lean cows 
(indicative of “absence of prolonged hunger”).
DISCUSSION
Basic Health and Biological Functioning
The reviewed literature suggests that tiestalls are as-
sociated with reduced prevalence of various infectious 
and noninfectious foot lesions, most notably white line 
disease and DD, and a decreased prevalence of E. coli 
IMI. In contrast, loose housing was associated with 
reduced knee and hock lesions, injuries, and a lower 
prevalence of IMI caused by streptococci and staphy-
lococci.
The differences in bacterial agents of IMI may be 
influenced by factors categorically associated with 
housing type, such as the milking process, or by factors 
largely independent of housing system (e.g., facility age, 
water sources, or other management practices; Bartlett 
et al., 1992; Sampimon et al., 2009). The majority of 
studies in the systematic review were cross-sectional, 
and these management factors were rarely described or 
adjusted for. The age of facilities, for example, was sel-
dom referenced but was likely to be variable. Taponen 
et al. (2017) noted that IMI risk was highest in older 
freestall barns compared with newer tiestall or freestall 
facilities. It thus becomes difficult to identify the extent 
to which tethering itself influences the prevalence of 
these bacterial populations. In turn, differences in SCC 
between herd types (e.g., Hultgren, 2002; Dechow et 
al., 2011; Sabbioni et al., 2012) could partially be ex-
plained by these disparate bacterial communities; SCC 
patterns are known to vary according to the nature of 
the infection, with different lengths and peaks of high 
SCC attributed to specific bacterial agents (de Haas 
et al., 2004). Despite differences in causative agents of 
IMI between the housing types, mastitis prevalence was 
similar.
Freestall versus tiestall farms are more likely to have 
larger herd sizes and to make use of a milking par-
lor. Congruently, the odds of lameness may increase 
when cattle spend longer in the holding area before 
milking (Jewell et al., 2019) and with increasing herd 
size (see Oehm et al., 2019), although this effect is 
not always reported (Chapinal et al., 2013; Chapinal 
et al., 2014). The reviewed studies show no consistent 
relationship between lameness and housing type (e.g., 
Sogstad et al., 2005; Mattiello et al., 2009; Kara et al., 
2011; Popescu et al., 2014). It should be noted that 
the majority of studies employed the same gait scor-
ing systems for loose and tied cattle and assessed tied 
cattle during temporary release. Corazzin et al. (2010), 
however, used separate lameness scoring systems for 
tethered and loose cattle. Similarly, studies scoring 
cattle according to the WQA Protocol (e.g., in Popescu 
et al., 2014) were provided the option to score cattle 
when standing or walking; thus, different criteria may 
have been applied to different housing types. In-stall 
lameness assessment has been shown to result in a 27% 
underestimation of herd prevalence (Leach et al., 2009); 
conversely, gait scoring tied cattle that are unaccus-
tomed to walking may conceivably lead to overestima-
tion of lameness prevalence.
The higher prevalence of hoof lesions in loose housing 
may be partially attributed to herd-level management 
factors (e.g., bedding depth, alley scraping frequency, 
and hoof trimming routines; Cramer et al., 2009) as 
well as structural properties such as uneven surfaces 
and concrete flooring (Solano et al., 2015). Interest-
ingly, Solano et al. (2016) found that odds of white line 
disease and sole ulcers were more than twice as high 
in freestalls versus deep-bedded packs. In the present 
review, freestalls and bedded packs were both classed 
as loose for purposes of comparison to tiestalls. Thus, 
the increased prevalence of white line disease in loose 
housing may be a property of specific freestall systems. 
More research directly comparing tiestalls to other 
forms of loose housing would help tease apart these 
relationships.
With respect to hoof lesions, the influence of man-
agement may carry more weight in freestalls compared 
with tiestalls due to increased contact with different 
flooring types, surfaces, and barn areas (such as cu-
bicles, alleyways, and holding pens). Conversely, the 
increased prevalence of injuries in tethered compared 
with loose-housed cattle, such as neck lesions (Mattiello 
et al., 2009), integument alterations (Ostojić-Andrić et 
al., 2011; Popescu et al., 2014) and traumatic injuries 
(Busato et al., 2000; Corazzin et al., 2010) may be at-
tributed, in part, to a tied cow’s long-term exposure to 
the stall.
Hoof lesions are associated with a damp and soiled 
flooring substrate (Somers et al., 2005), and the provi-
sion of multiple walking areas may make it more dif-
ficult to maintain cleanliness. According to Taponen et 
al. (2017), “tiestalls are usually fairly dry, whereas the 
floors of the walking areas of freestalls are often wet, 
depending on the design of the alleys and the effective-
ness of the manure removal system” (p. 500). Thus, 
although it is difficult to disentangle freestall housing 
from aspects of its management, freestall systems seem 
more likely to implement management practices that 
contribute to the increased prevalence of certain hoof 
disorders, such as DD.
This difficulty in separating the system from its man-
agement holds for other metrics as well. With respect 
to infectious diseases, there is a potential advantage 
Beaver et al.: INVITED REVIEW: DAIRY CATTLE WELFARE IN TIESTALLS
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for tied animals if the herd manager begins by milking 
disease-free animals first. However, although this man-
agement practice may be facilitated by tiestall housing, 
its implementation in tiestall herds is not guaranteed, 
and loose-housed cows can also be grouped and man-
aged by disease status and risk. Other managerial and 
demographic elements associated with housing type 
may influence specific disease outcomes. For instance, 
Corbett et al. (2018a) found a lower prevalence of My-
cobacterium avium ssp. paratuberculosis (MAP; the 
etiological agent of Johne’s disease) in tiestalls com-
pared with freestalls. The environmental prevalence of 
MAP may indeed be lower in tiestalls due to different 
contact structures between animals in the 2 housing 
types; however, the authors acknowledge that specific 
elements of tiestall management (e.g., the common use 
of gutter scrapers) may decrease detection of MAP, 
rather than its prevalence. Furthermore, farms with 
smaller herd sizes often have a decreased likelihood of 
testing MAP-positive (Wells and Wagner, 2000; Wolf et 
al., 2015; Beaver et al., 2016); the prevalence of MAP 
in tiestalls could therefore also be lower based on herd 
size. Indeed, Wolf et al. (2014) found no difference in 
MAP prevalence between tiestall and freestall environ-
ments with small herd sizes (<100 cows/herd). With 
respect to other diseases, effects of housing were neu-
tral overall, although an insufficient number of studies 
were available in each category to reach an informed 
conclusion about specific conditions.
Indirect Measures of Basic Health and Bio-
logical Functioning. As widely discussed in the lit-
erature, a decline in production or reproduction can 
sometimes indicate a welfare issue; however, good pro-
duction and reproduction do not automatically signal 
good welfare (Oltenacu et al., 2005; Coignard et al., 
2014). We found no consistent evidence of higher milk 
yield in either loose or tethered cattle (Supplemental 
Table S2; 10.6084/m9.figshare.14769567; Beaver et al., 
2021). The numerous studies attempting to compare 
tiestalls and freestalls by moving cattle between sys-
tems can only truly measure parameters associated 
with relocation itself (unless crossover or other more 
sophisticated designs are used, for example). Many of 
these studies focused on relocation from tiestall to loose 
housing, typically reporting an initial decrease in milk 
yield followed by an eventual increase or return to base-
line (Norell and Appleman, 1981; Varner et al., 1983; 
Broucek et al., 2015).
With regard to fertility, cattle in tiestalls typically 
showed impaired (or at best equivalent) performance 
compared with cattle in loose housing, including preg-
nancy risk, pregnancy rate, insemination rate, and in-
cidence of anestrus. These differences may partially re-
flect traits of the tiestall system itself; cattle in tiestalls 
cannot display normal estrus behaviors (Felton et al., 
2012), and producers may thus rely more heavily upon 
timed AI programs to boost reproductive performance.
Several studies assessed hygiene in tiestalls versus 
freestalls and found that freestalls were associated with 
improved stall cleanliness (Herlin et al., 1994) and ud-
der hygiene (Neja et al., 2016). However, certain studies 
(e.g., Kara et al., 2011) found no difference in udder and 
leg hygiene between the housing types, and others found 
improved lower-leg hygiene scores in tiestalls (Ostojić-
Andrić et al., 2011). Several authors (e.g., Kivaria et 
al., 2007; Popescu et al., 2013) referred to hygiene as a 
welfare measure, perhaps because of its perceived effect 
on infectious diseases such as mastitis and DD. Because 
these conditions themselves were directly assessed in 
this review, cleanliness was not formally evaluated.
Natural Behavior
There is ample evidence that the expression of highly 
motivated behavioral patterns is impaired in tiestalls. 
Of the 13 studies in the current review measuring some 
aspect of lying behavior across different housing types, 
none found advantages to tethering, and 9 found at least 
some impairments when cattle were tied compared with 
loose-housed. These impairments included increases in 
collisions while lying down, lying outside the lying area, 
duration to reach recumbency, time spent kneeling, un-
fulfilled intentions to lie down, abnormal lying postures, 
and lying interruptions (Krohn et al., 1992; Krohn and 
Munksgaard, 1993; Plesch et al., 2010; Ostojić-Andrić 
et al., 2011; Popescu et al., 2014; Shepley et al., 2019).
It has long been known that lying down comprises a 
substantial portion of the time budget for dairy cattle; 
as such, even short deprivations can result in welfare 
impairments (Metz, 1985; Munksgaard and Simonsen, 
1996). More recent research has examined subtleties of 
this issue and have found cattle to be highly motivated 
to access a desirable lying area (Tucker at al., 2018). 
Other research has shown that heifers express inelastic 
demand for resting (Jensen et al., 2005) and that physi-
ological indicators of stress (e.g., cortisol and ACTH) 
are elevated in response to restricted lying times (Fisher 
et al., 2002). Collectively, this evidence indicates that 
welfare is impaired when lying down movements are 
restricted.
It bears mentioning that certain behaviors cannot be 
studied in tiestalls, because certain behaviors cannot 
occur in tiestalls; the implications of this statement 
extend beyond the tautologous. For example, social 
behaviors are largely prevented in tethered cattle. 
Cattle are highly social animals, and under naturalistic 
conditions, form lasting bonds with conspecifics (Rein-
hardt and Reinhardt, 1981; Murphey, 1990). Moreover, 
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social deprivation can impair coping ability (Færevik 
et al., 2006) and cognition (Meagher et al., 2015). It is 
difficult to determine how welfare is influenced by re-
stricted levels of tactile contact between tethered cattle. 
To empirically investigate this question, cattle could be 
moved between loose and tied systems in a counterbal-
anced manner. However, the ability to cope with social 
deprivation may differ between permanently tethered 
cattle and those given some level of social interaction 
(as necessitated by experimental design), making it dif-
ficult to answer questions related to social restriction.
Other thwarted natural behaviors may provoke 
stereotypies, such as tongue rolling (Gustafson et al., 
1993; Corazzin et al., 2010), which is associated with 
an inability to graze (Krohn, 1994). The use of ste-
reotypies to assess welfare is also problematic, as the 
absence of stereotypies does not guarantee good welfare 
(Mason and Latham, 2004). In addition, tied cattle are 
not entirely disadvantaged by the lack of social con-
tact, which can reduce the risk of agonistic interactions 
(Proudfoot and Habing, 2015). Indeed, Popescu et al. 
(2014) noted that tied cattle showed reduced frequen-
cies of agnostic behaviors.
Affective State
Affective state was the least researched of the 3 wel-
fare spheres. Conditions such as mastitis and lameness 
are known to be painful, and several articles included 
in the present review (e.g., Alban et al., 1995; Cook, 
2003; Levison et al., 2016) alluded to affective state by 
referencing the pain associated with these conditions. 
Few studies, however, attempted to directly measure 
affect, and it was rarely considered a primary outcome 
measure. Studies that did attempt to measure affect 
predominantly assessed cow comfort and physiologi-
cal indicators (commonly cortisol), with reference to 
“stress.”
Cow Comfort. The topic of cow comfort is of im-
portance to dairy producers (Bewley et al., 2001, 2017) 
and both regional and international animal welfare 
organizations (RSPCA, 2017; BCSPCA, 2018). Despite 
the importance of the concept, there is no agreed-upon 
operational definition of cow comfort. Interestingly, 32 
included studies referenced “comfort,” but only 6 at-
tempted to measure it. Several studies have defined cow 
comfort by a single metric, such as time spent stand-
ing idle (Haley et al., 2000) or cortisol (Tarantola et 
al., 2016). Others took a more multifaceted approach 
and amalgamated a variety of animal-based measures 
(Plesch et al., 2010; Ostojić-Andrić et al., 2011; Popes-
cu et al., 2013, 2014). The consensus (albeit based on 
a limited number of studies) was that comfort is im-
proved when housing is less restrictive.
Physiological Indicators. In 4 studies (Redbo, 
1992, 1993; Higashiyama et al., 2007; Tarantola et 
al., 2016) cortisol was higher in tied vs. loose-housed 
or exercised cattle, suggesting higher levels of stress. 
However, cortisol levels fluctuate throughout the day 
(Mason and Mendl, 1993) and are not consistently as-
sociated with negative affect (Hewson, 2003). Several 
studies address additional explanations for changes in 
cortisol levels, such as heat stress, novelty, age, and dif-
ferences in metabolic rates (Redbo, 1993; Higashiyama 
et al., 2007; Veissier et al., 2008; Peric et al., 2017).
Given the variety of measures available for assess-
ing affective state in cattle (as reviewed by Ede et al., 
2019), there is room for further research into the affec-
tive state of tied cattle beyond hormone concentrations 
and the elusive concept of cow comfort. The studies 
included in the present review have only scratched the 
surface of this topic, because many methods to measure 
affective state in cattle are new or are still in develop-
ment. Two included articles (Popescu et al., 2013, 2014) 
evaluated positive emotional state using qualitative be-
havior assessment (Wemelsfelder and Lawrence, 2001); 
researchers have increasingly suggested that assessment 
of positive affect for farm animals is warranted (Mel-
lor and Beausoleil, 2015; Mellor, 2016; Lawrence et al., 
2018).
Several studies attempted to compare human–animal 
relationships between tied and loose-housed cattle. Both 
Popescu et al. (2014) and Mattiello et al. (2009) found 
that tethered cattle were easier to approach. Although 
this may be indicative of a better human–animal bond 
(perhaps due to increased individual attention), it is 
also possible that fear may be expressed differently in 
cattle when they cannot effectively move away from 
the experimenter. If, for example, cattle are chained 
to their stalls, passive avoidance (e.g., immobilization) 
may supplant active avoidance (e.g., flight; see Fork-
man et al., 2007).
Effects of Movement Opportunity for Tied Cattle
The term “exercise” for tied dairy cattle is widely 
used in the literature. As discussed by Shepley et al. 
(2020), the designation is imprecise, as it often does 
not adequately address all facets of exercise, includ-
ing provision of adequate space (and the properties of 
this space), plus the individual cow’s decision to use 
this space for physical exertion and locomotor activity. 
Thus, housing type cannot simply be equated with lev-
els of exercise. Shepley et al. (2020) propose “movement 
opportunity” as a more comprehensive term to account 
for these subtleties.
As part of the current review, we investigated the 
movement opportunity associated with providing tied 
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cattle partial access to a loose housing type (including, 
e.g., freestall, pasture, yard, or bedded pack). With the 
exception of Veissier et al. (2008), all studies considering 
this research question provided tied cattle with access 
to outdoor areas, predominantly pasture. In addition 
to, or in place of pasture, a small number of studies 
provided access to outdoor “yards” (n = 4), “paddocks” 
(n = 2), “lots” (n = 1), or “runs” (n = 1).
According to the majority of studies we reviewed, 
outdoor access for tied cattle is beneficial for leg and 
claw health. These benefits were typically proportional 
to the amount of access provisioned, although research 
investigating the optimal frequency and duration of 
outdoor access remains to be undertaken. It should be 
noted that although outdoor access, on balance, led 
to improved leg health, it was sometimes associated 
with a higher prevalence of foot lesions. However, lo-
comotion scores were universally better among cattle 
given outdoor access. We conclude that when cattle are 
housed in tiestalls, permitting movement opportunities 
(at least via outdoor access) improves gait.
Outdoor access for tied cattle was also typically 
associated with fewer teat injuries. There was insuf-
ficient evidence to ascertain the effect of outdoor access 
on other conditions or diseases because few articles 
addressed the same health parameters. Conditions 
included ketosis, mastitis, respiratory disorders, and 
mortality rates. Taken together, the balance of studies 
indicates a positive effect of outdoor access, but further 
research is required for in-depth conclusions regarding 
specific diseases. We also found no consistent effect of 
outdoor access on milk yield or fertility.
Few studies addressed the effect of outdoor access 
on natural behavior; those that did uncovered posi-
tive or neutral effects on lying behavior (Krohn and 
Munksgaard, 1993; Gustafson and Lund-Magnussen, 
1995; Loberg et al., 2004; Popescu et al., 2013). These 
mixed-positive results suggest that partial access to 
pasture mitigates issues with lying down in tiestalls but 
is perhaps not fully restorative. There was, however, a 
reduction in stereotypies and other abnormal behaviors 
when tied cattle were allowed outdoors (Krohn, 1994; 
Loberg et al., 2004; Corazzin et al., 2010).
Denis-Robichaud et al. (2016) found that a larger 
proportion of tiestall compared with freestall herds 
permitted outdoor access, but the extent to which 
outdoor access mitigates movement restriction has not 
been widely studied. Veissier et al. (2008) reported 
lower milk cortisol levels for cattle housed in tiestalls 
with access to an exercise area compared with cattle 
permanently housed in freestalls. Similarly, according 
to Seo et al. (2007), tiestalls with outside areas typi-
cally received better scores on the Animal Needs Index 
compared with freestalls with no outside access. There 
is little information on how the duration of access and 
the type of area (e.g., pasture compared with indoor 
dry lots) compare with various types of zero-grazing, 
loose-housing systems. Studies that examine the inter-
action between housing type and all other elements of 
movement opportunity are required, as are studies that 
disentangle any benefits of outdoor access and access to 
grass (Charlton and Rutter, 2017).
Limitations and Final Thoughts
A fundamental limitation of comparing rearing sys-
tems is the considerable variation within systems, and 
the likelihood of this variation confounding inferences 
associated with system per se. For example, a variety 
of welfare outcomes vary with farm size (Robbins et al., 
2016). Farm size varies greatly within and among rear-
ing systems, but in the United States at least, tiestall 
herds tend to be smaller (USDA, 2016).
Farms also vary in their standard of management 
and the degree to which, within a system, they follow 
recommended practices. For example, Bouffard et al. 
(2017) found that the majority of Canadian tiestalls 
(of a sample of 100 in Quebec and Ontario) were not 
compliant with industry standards; for instance, only 
22% of herds in Quebec met recommendations for stall 
width. In evaluating 3,485 cattle from these farms, the 
researchers uncovered an association between noncom-
pliance and animal-based health measures such as in-
creased risk of lameness, knee lesions, and neck injuries. 
The authors suggest that the renovation of dairy barns 
has not kept pace with increases in dairy cow size. Of 
course, the design argument can apply across systems, 
with poor freestall design contributing to increases in 
lesions and injuries (see Chapinal et al., 2013; 2014). 
Indeed, Vasseur et al. (2015) found that only 35% of 
cows on average would fit in freestalls with average bed 
length and width (according to the DFC-NFACC, 2009). 
However, it may be argued that the consequences of a 
poorly designed stall are likely magnified if the animal 
is physically unable to leave. Permitting animals choice 
and agency in their environments is largely associated 
with welfare improvement (Špinka, 2019).
Thus, we caution readers that the results of the stud-
ies we have reviewed are likely due in part to factors 
that may vary both within and between systems (such 
as the quality of walking and lying surfaces). Much 
work remains to be done in identifying and implement-
ing improved management practices within both ties-
tall and loose housing systems. If these refinements are 
implemented, some of the system differences we have 
identified above will potentially change. However, we 
also note that some factors are inherent to the system, 
most notably the inability to move freely in tiestalls; no 
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change in management will be able to resolve this issue 
short of allowing cows out of the stalls.
CONCLUSIONS
Some measures of basic health and biological func-
tioning are improved in loose housing and some in 
tiestall systems; providing outdoor access improved 
these measures for tied cows. The expression of natural 
behavior, particularly lying behavior, is inhibited in 
tiestalls. Most included studies showed benefits of loose 
housing on affective state, but this aspect of welfare has 
not been widely researched.
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